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INTRODUCTION

Microchip Technology, Inc.’s family of micropower LDOs utilizes
low-voltage CMOS process technology. These LDOs provide
similar ripple rejection and dropout characteristics as their bipolar
equivalents, but are significantly more efficient. A typical bipolar
regulator has base current equal to 1-2% of the output load,
whereas Microchip’s LDOs have approximately 60pA resulting in
total operating current orders of magnitude lower than their bipolar
counterparts. In addition, Microchip’s LDOs can be placed in a
shutdown mode, further enhancing their effectiveness in low-
power applications.

This low-power operation makes Microchip’s family of LDOs ideal
for upgrading the LP2980 and MIC5205 bipolar LDOs in cellular
phones, pagers, PDAs, laptops, hand-held meters, and other
portable applications.

Microchip’s micropower LDOs are available with fixed and adjust-
able outputs, supporting load currents up to 50mA, 100mA, 150mA
and 300mA. SOT-23A-5, SOT-23A-6, SOT-223, and MSOP-8
packaging require minimal board space. Shutdown capability,
thermal protection, and current limiting are standard in every
device. Adjustable output, error flag, and noise bypass capability
are provided on select devices (see Table 3).

APPLICATIONS

Optimizing Output Voltage Accuracy of 1070/1071
Adjustable LDOs

Microchip’s LDOs are available in both adjustable and fixed output
voltage options. The accuracy of the output depends on the initial
accuracy, stability, and temperature coefficient of the internal
bandgap reference and the feedback resistors.

Rather than specifying Vout accuracy on adjustable regulators,
the initial accuracy and temperature coefficient of the internal
reference is specified. Vout accuracy is not specified because it
depends on the external feedback resistors. Figure 1 shows a
typical adjustable LDO feedback circuit in which resistors R1 and
R2 set the output voltage per the following formula:

Vout = VRer [(R1/IR2) + 1]

Where: VRgr = 1.20V

EQUATION 1:

Vout

e
Ciy -
1uF = TC1070
P Gnd TC1071
= (SOT-23A-5)

SHDNO—— SHDN ADJ

FIGURE 1: Adjustable LDO feedback circuit.

The ADJ pin is a high impedance CMOS input. Consequently,
resistor values can be between 300KQ and 1MQ to minimize the
current through R1 and R2.

Inspection of Equation 1 reveals the following:

1. When Voyrt is made equal to VRer (i.e., R1 is zero), the
tolerance of Voyt will be approximately that of Vrgr.
2. The tolerance of Vour is a function of both the tolerance

of Vrer and the tolerance of the R1/R2 ratio when Voyrt
is greater than VRer (i.e., when R1/R2 > 0).

For the purposes of worst case analysis, the tolerances of R1 and
R2 are additive. For example, if R1 and R2 are both 1% resistors,
the maximum tolerance of the R1/R2 ratio is 2%.

Re-examining the effect of tolerances on Equation 1 reveals that
the tolerance of Vout worsens proportionally as the Voyt setting
departs the value of Vrer. Stated another way:

ERRORVvoyt o (Vour — VRrer)

EQUATION 2:

Table 1 shows that percentage of total output voltage error contrib-
uted by the tolerances of Vrer and R1/R2 for various values of Vouyr.
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Reference| Resistor | Resistor Total
Vour | Tolerance Tolerance, Error Output

(V) (%) (%) (%) | Error (%)
1.23 2 1 0 2
1.23 2 2 0 2
2.0 2 1 0.77 2.77
2.0 2 2 1.54 3.54
2.46 2 1 1.0 3.0
2.46 2 2 2.0 4.0
3.0 2 1 1.2 3.2
3.0 2 2 2.4 4.2
4.0 2 1 1.38 3.38
4.0 2 2 2.76 4.76
5.0 2 1 1.50 3.5
5.0 2 2 3.0 5.0

TABLE 1: Output error contributors.

The output voltage accuracy of the adjustable regulator improves
with tighter tolerance resistors. However, accuracy will be limited
to £2% due to the accuracy of the reference. Table 2 shows output
voltage accuracy for the adjustable LDO using 1%, 0.5%,and 0.1%
tolerance resistors.

Vour Vaur Error

1% 0.5% 0.1%

Resistor Tol. | Resistor Tol. | Resistor Tol.

5.0V 3.5% 2.75% 2.15%
4.0V 3.38% 2.69% 2.14%
3.0V 3.2% 2.6% 2.12%
2.46V 3.0% 2.5% 2.10%
2.0V 2.77% 2.39% 2.08%
1.23V 2.0% 2.0% 2.0%

TABLE 2: Resistor tolerance effect on Voyr error.

Power-Saving Shutdown Mode

All of Microchip’s micropower LDOs have a shutdown input that
allows the user to digitally disconnect the load from the power
source and send the regulator into a low-power “sleep” mode. The
supply current is reduced from 50pA, during normal operation, to
0.05pA in shutdown.

The SHDN pin input current is guaranteed to be no greater than
1A (an order of magnitude lower than bipolar counterparts).

Shutdown mode is activated when SHDN is below 0.2 x V. In this
mode, the pass transistor is turned OFF, disconnecting the load
from the power source.

Shutdown mode is disabled, allowing normal device operation,
when the input is above 0.4 x V. This V| is low enough to ensure
that a control output from a 3.3V microcontroller, operating from
four fully-charged NiCad/NiMH cells (6V), can enable the LDO.
If not used, SHDN should not be left floating, but rather connected
to Vn.

Out-of-Regulation (ERROR) Flag

The TC1070/1/2/3 and TC1054/5 each have Error Flag outputs
that are asserted when the LDO falls out of regulation by approxi-
mately —5%.

The ERROR pin is an N-channel open drain output that can sink up
to 1mA. However, larger value pull-up resistors should be selected
so that energy loss through ERROR is kept to a minimum. ERROR
must be pulled to any supply voltage less than 7V through a pull-
up resistor.

ERROR output is valid for input voltages above 1V and undefined
for voltages below 1V. As the output is transitioning between 0V
and 1.0V during power up/down, the Error output may float
momentarily to 1.0V. If 1.0V is high enough to be interpreted as a
logic 1, the two-resistor network shown in Figure 3 may be used.
This will ensure that ERROR never will rise above 0.5V during
invalid states. Keep in mind the maximum that Error output can be
in its high state is Voyt/2.

ViN ViN Vour

Cou + TC1054/1055

1WF T (SOT-23A-5)
-H GND

SHDNO—SHDN

ERROR

Note: R1 =R2

FIGURE 2: Ensuring valid error output for low V| levels.
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By connecting an RC on ERROR output, it can be used as a power
on reset. During power up, the Error comparator will go high as
soon as the regulator output is within tolerance. ERROR will be
delayed by the RC network before releasing the microcontroller
from reset.

Vour

Hysteresis (VR)

FIGURE 3: Out-of-regulation error flag.

ERROR also can be used as a power quality monitor. If a low input
voltage or an over-current condition causes the output to fall out of
regulation, ERROR will pull low, signifying an unstable power
condition. This flags the microcontroller, which now can activate
proper shutdown sequencing, ensuring orderly system operation.

The Error comparator has 50mV of positive hysteresis to provide
some V|y noise immunity.

Input, Output and Bypass Capacitors

It is recommended that input, output, and bypass capacitors be
used for optimal device performance. To ensure stability in the
LDO’s feedback loop, a capacitor is required from the output to
ground (Figures 4 and 5). Capacitors must be chosen that meet the
ESR value range and minimum capacitance identified in device
datasheets. In general, a 1uF-2.2uF capacitor is recommended to
ensure stable operation under maximum load conditions. Larger
value capacitors (4.7 to 10puF) will increase transient load response
and ripple rejection performance.

Ceramic capacitors offer the lowest ESR followed by, in order of
increasing ESR, OS-CON, film, aluminum electrolytic, and tanta-
lum. Film capacitors provide good performance, but usually are not
aviable solution due to excessive cost and size. Ceramics combine
excellent ESR with relatively small size. However, the ESR of
ceramic capacitors sometimes can be too low, requiring a 1Q
series resistor to ensure stability. OS-CON capacitors offeran ESR
only slightly higher than ceramics, but consume more volume. The
OS-CON capacitors exhibit rock-solid ESR from —55°C to 125°C.
Aluminum electrolytics are ideal for low-cost commercial tempera-
ture grade applications where board space is not a concern. Like
OS-CON capacitors, electrolytics typically are offered in a radial
lead package, but are available in surface mount styles. Tantalums

offer an ESR similar to aluminum electrolytics. They also provide
areasonable cost, high-volume efficiency solution and are usually
the capacitor of choice.

A 1uF input capacitor should be installed from Ve to GND (Figures
4 and 5) if the IC is powered from a battery or if there is excessive
(>1ft) distance between the regulator and the AC filter capacitor. A
larger value capacitor will provide better V¢ noise rejection and
improved performance when the supply has a high AC impedance.
A 470pf bypass capacitor can be tied to the bypass pin on the
TC1014/1015 and TC1072/1073 or the ADJ pin on the TC1070/
1071 (see Figure 5) to reduce the VRgr noise.

Thermal Issues

The amount of power that the LDO dissipates is a function of the
bias supply current and the pass-through current. The pass-
through current is the current that flows from V¢ through the pass
transistor of the LDO to the load. The following equation is used to
calculate power dissipation:

Pp = (Vce x Is) + [(Vee — Vour) ILoan]

EQUATION 3:

Maximum values of Vcc and I poap and minimum values for
Vourt should be used when calculating Pp to ensure worst case
conditions are met.

The amount of power that the LDO can dissipate depends on
the ambient temperature (Ta). A guardbanded maximum die
temperature (Tumax) of 125°C is used to account for variations in
thermal conductivity of PC boards and variations in airflow.

Osa = (Tumax — Ta) Poyiax
0,4 = 6c + Bca

EQUATION 4:

0,c is the thermal resistance from the die surface to the package
body and leads. B¢a is the thermal resistance from the package
body and leads to the surrounding air, PC board dielectric, and
traces.

The SOT-23A-5 and SOT-23A-6 packages have a worst case 6,4
of 220°C/W when mounted on a single-layer FR4 dielectric copper-
clad PC board. This 6,4 can be reduced by using a PC board made
with a dielectric that has a better heat transfer coefficient. Addition-
ally, adding a ground plane and large supply traces to the IC will
provide better thermal conductivity. The values for 6,4 are for a
system that uses natural convection. A significant reduction in 6ca
can be induced with forced airflow.
Given: 0ya =220°C/W
OPpmax = (125°C — Ta)/ 220°C/W

© 2001 Microchip Technology, Inc.

DS00765A-page 3



ANA41

Ambient Temperature Poyax
25°C 0.454W
50°C 0.341W
85°C 0.182W

Excessive power dissipation will result in elevated die tempera-
tures that could activate the device’s thermal shutdown. The LDOs
have an integrated thermal protection circuitry that disables the
LDO when die temperatures exceed approximately 160°C. Ten
degrees Celsius of hysteresis is built into the protection circuitry,
such that the LDO is not released from thermal shutdown until the
die temperature drops to 150°C. In addition to thermal protection,
an internal sense resistor in series with the pass element provides
a short-circuit limit.

1F = (SOT-23A-5) E
o T

SHDNO—— SHDN Bypass __I_

470pf

1uF GND TuF

VINO__F Vi Vour Vour
Cn ¥ TC1014/1015 | .
Cout

+Cgypass
(optional)

VIN O V|N VOUT VOUT
TC1054/1055 +|
(SOT-23A-5) c

SHDNO———{SADN  ERROR——OERROR

mZ

TC1107 T 1
(8 SOIC & MSOP) I

T Vour VIN —l—o Vin
+
Cour = Sl

SHDN|——O SHDN

VOUTOﬁ Vout
Cint TC1108
1WF = (SOT-223)
F GND __l_

VINCOT VIN

IN
1uF —
TC1072/1073 =
(SOT-23A-6)
Vin Vout _T_ oVout
Cout
Bypass __| +C T 1uF
BYPASS
GND (optional) J_
470pf =
SHDN ERROR|——OERROR

FIGURE 4: Typical application circuit (fixed output).
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Vour Vour Vin ViN
Cn t CIN
1uF _I -~ ADJ I 1uF
. TC1107-ADJ L 8
L 8 SOIC & MSOP = 1
Fe ( ) VouT= g Vour Vour [«+©O Vin
c : GND c1 L
BYPASS .i. 1w T
0.01pF = pE L 2 7
(optional) SHDN |——OSHDN - R1§ GND NC—ONC
_I:_ TC1174
NI WG_OShutdown
Control
(from Power
O-ﬁ ViN Vout R2§ 4]ADJ  Bypass 5__ Control Logic)
+ TC1070/1071 |
Ciy (SOT-23-5) qByPasS
1uF = I470pF
| GND . (optional)
B _ Vour = Vrer x (B2+1)
SHDN 0——{SHDN ADJ R1
R2
FIGURE 5: Typical application circuit (adjustable output).
| l V
Output Voltage** ss | 'out | "DROA
Error TyK. Max Tyk),.
PartNo.| Package | 2.5V | 2.7V | 2.8V |2.84V | 2.85V | 3.0V | 3.15V | 3.3V | 3.6V | 4.0V |5.0V | Adj | SHDN | Flag |Bypass | (1A) | (mA) | ( mV)
TC1014 SOT-23A-5 X X X X X X X X X X 50 50 85
TC1015 SOT-23A-5 X X X X X X X X X X 50 | 100 | 180
TC1054 SOT-23A-5 X X X X X X X X X X 50 50 85
ITC1055 SOT-23A-5 X X X X X X X X X 50 | 100 | 180
TC1070 SOT-23A-5 X X 50 50 85
TC1071 SOT-23A-5 X X 50 | 100 | 180
TC1072 SOT-23A-6 X X X X X X X X X X 50 50 85
TC1073 SOT-23A-6 X X X X X X X X X X 50 | 100 | 180
TC1107 | MSOP-8, SO-8 X X X X X X 50 | 300 | 240
TC1108 SOT-223 X X X X 50 | 300 | 240
TC1173 | MSOP-8, SO-8 X X X X X X X 50 | 100 | 180
TC1174 | MSOP-8, SO-8 X X X 50 | 300 | 240
TC1185 SOT-23A-5 X X X X X X X X X X 50 | 150 | 270
TC1186 SOT-23A-5 X X X X X X X X X X 50 | 150 | 270
TC1187 SOT-23A-5 X X X 50 | 150 | 270
TC1188* | SOT-23A-5 X X X X 50 | 100 55
TC1189* | SOT-23A-5 X X X X 50 | 100 55
TC1223 SOT-23A-5 X X X X X X X X X 50 50 85
TC1224 SOT-23A-5 X X X X X X X X X 50 | 100 | 180

Notes: *Pin Compatible Replacement for MAX8863/8864

**Custom Output Voltages Available — Contact Microchip Technology

TABLE 3: CMOS LDOs selection guide.
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Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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Trademarks

The Microchip name and logo, the Microchip logo, PIC, PICmicro,
PICMASTER, PICSTART, PRO MATE, KeeLoq, SEEVAL,
MPLAB and The Embedded Control Solutions Company are reg-
istered trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

Total Endurance, ICSP, In-Circuit Serial Programming, Filter-
Lab, MXDEV, microlD, FlexROM, fuzzylLAB, MPASM,
MPLINK, MPLIB, PICC, PICDEM, PICDEM.net, ICEPIC,
Migratable Memory, FanSense, ECONOMONITOR, Select
Mode and microPort are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Term Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2001, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

Q Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999. The
Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMs and microperipheral
products. In addition, Microchip’s quality
system for the design and manufacture of
development systems is ISO 9001 certified.

DS00765A-page 6

© 2001 Microchip Technology Inc



MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-792-7200 Fax: 480-792-7277
Technical Support: 480-792-7627

Web Address: http://www.microchip.com

Rocky Mountain

2355 West Chandler Blvd.
Chandler, AZ 85224-6199

Tel: 480-792-7966 Fax: 480-792-7456

Atlanta

500 Sugar Mill Road, Suite 200B
Atlanta, GA 30350

Tel: 770-640-0034 Fax: 770-640-0307
Austin - Analog

13740 North Highway 183

Building J, Suite 4

Austin, TX 78750

Tel: 512-257-3370 Fax: 512-257-8526
Boston

2 Lan Drive, Suite 120

Westford, MA 01886

Tel: 978-692-3848 Fax: 978-692-3821

Boston - Analog

Unit A-8-1 Millbrook Tarry Condominium
97 Lowell Road

Concord, MA 01742

Tel: 978-371-6400 Fax: 978-371-0050
Chicago

333 Pierce Road, Suite 180

ltasca, IL 60143

Tel: 630-285-0071 Fax: 630-285-0075
Dallas

4570 Westgrove Drive, Suite 160
Addison, TX 75001

Tel: 972-818-7423 Fax: 972-818-2924
Dayton

Two Prestige Place, Suite 130
Miamisburg, OH 45342

Tel: 937-291-1654 Fax: 937-291-9175
Detroit

Tri-Atria Office Building

32255 Northwestern Highway, Suite 190
Farmington Hills, Ml 48334

Tel: 248-538-2250 Fax: 248-538-2260
Los Angeles

18201 Von Karman, Suite 1090

Irvine, CA 92612

Tel: 949-263-1888 Fax: 949-263-1338
New York

150 Motor Parkway, Suite 202
Hauppauge, NY 11788

Tel: 631-273-5305 Fax: 631-273-5335
San Jose

Microchip Technology Inc.

2107 North First Street, Suite 590

San Jose, CA 95131

Tel: 408-436-7950 Fax: 408-436-7955
Toronto

6285 Northam Drive, Suite 108
Mississauga, Ontario L4V 1X5, Canada
Tel: 905-673-0699 Fax: 905-673-6509

ASIA/PACIFIC

Australia

Microchip Technology Australia Pty Ltd

Suite 22, 41 Rawson Street

Epping 2121, NSW

Australia

Tel: 61-2-9868-6733 Fax: 61-2-9868-6755
China - Beijing

Microchip Technology Consulting (Shanghai)
Co., Ltd., Beijing Liaison Office

Unit 915

Bei Hai Wan Tai Bldg.

No. 6 Chaoyangmen Beidajie

Beijing, 100027, No. China

Tel: 86-10-85282100 Fax: 86-10-85282104
China - Chengdu

Microchip Technology Consulting (Shanghai)
Co., Ltd., Chengdu Liaison Office

Rm. 2401, 24th Floor,

Ming Xing Financial Tower

No. 88 TIDU Street

Chengdu 610016, China

Tel: 86-28-6766200 Fax: 86-28-6766599
China - Fuzhou

Microchip Technology Consulting (Shanghai)
Co., Ltd., Fuzhou Liaison Office

Rm. 531, North Building

Fujian Foreign Trade Center Hotel

73 Wusi Road

Fuzhou 350001, China

Tel: 86-591-7557563 Fax: 86-591-7557572

China - Shanghai

Microchip Technology Consulting (Shanghai)
Co., Ltd.

Room 701, Bldg. B

Far East International Plaza

No. 317 Xian Xia Road

Shanghai, 200051

Tel: 86-21-6275-5700 Fax: 86-21-6275-5060
China - Shenzhen

Microchip Technology Consulting (Shanghai)
Co., Ltd., Shenzhen Liaison Office

Rm. 1315, 13/F, Shenzhen Kerry Centre,
Renminnan Lu

Shenzhen 518001, China

Tel: 86-755-2350361 Fax: 86-755-2366086
Hong Kong

Microchip Technology Hongkong Ltd.

Unit 901-6, Tower 2, Metroplaza

223 Hing Fong Road

Kwai Fong, N.T., Hong Kong

Tel: 852-2401-1200 Fax: 852-2401-3431
India

Microchip Technology Inc.

India Liaison Office

Divyasree Chambers

1 Floor, Wing A (A3/A4)

No. 11, O’'Shaugnessey Road

Bangalore, 560 025, India

Tel: 91-80-2290061 Fax: 91-80-2290062

Japan

Microchip Technology Japan K.K.

Benex S-1 6F

3-18-20, Shinyokohama

Kohoku-Ku, Yokohama-shi

Kanagawa, 222-0033, Japan

Tel: 81-45-471- 6166 Fax: 81-45-471-6122

Korea

Microchip Technology Korea

168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku

Seoul, Korea 135-882

Tel: 82-2-554-7200 Fax: 82-2-558-5934
Singapore

Microchip Technology Singapore Pte Ltd.
200 Middle Road

#07-02 Prime Centre

Singapore, 188980

Tel: 65-334-8870 Fax: 65-334-8850
Taiwan

Microchip Technology Taiwan

11F-3, No. 207

Tung Hua North Road

Taipei, 105, Taiwan

Tel: 886-2-2717-7175 Fax: 886-2-2545-0139

EUROPE

Denmark

Microchip Technology Denmark ApS

Regus Business Centre

Lautrup hoj 1-3

Ballerup DK-2750 Denmark

Tel: 45 4420 9895 Fax: 45 4420 9910
France

Arizona Microchip Technology SARL

Parc d’Activite du Moulin de Massy

43 Rue du Saule Trapu

Batiment A - ler Etage

91300 Massy, France

Tel: 33-1-69-53-63-20 Fax: 33-1-69-30-90-79
Germany

Arizona Microchip Technology GmbH
Gustav-Heinemann Ring 125

D-81739 Munich, Germany

Tel: 49-89-627-144 0 Fax: 49-89-627-144-44
Germany - Analog

Lochhamer Strasse 13

D-82152 Martinsried, Germany

Tel: 49-89-895650-0 Fax: 49-89-895650-22

Italy

Arizona Microchip Technology SRL

Centro Direzionale Colleoni

Palazzo Taurus 1 V. Le Colleoni 1

20041 Agrate Brianza

Milan, Italy

Tel: 39-039-65791-1 Fax: 39-039-6899883

United Kingdom

Arizona Microchip Technology Ltd.

505 Eskdale Road

Winnersh Triangle

Wokingham

Berkshire, England RG41 5TU

Tel: 44 118 921 5869 Fax: 44-118 921-5820

08/01/01

O Microchip Technology Inc. DS00765A - page 7



	Introduction
	Applications
	Optimizing Output Voltage Accuracy of 1070/1071 Adjustable LDOs
	Power-Saving Shutdown Mode
	Out-of-Regulation (ERROR) Flag
	Input, Output and Bypass Capacitors
	Thermal Issues

	Worldwide Sales and Service

